The link between forest management and the well-being of communities in forested areas has traditionally been defined by forest sector employment opportunities. Attempts to redefine this relationship have produced methods that use a more comprehensive approach by combining both economic and social indicators to evaluate community well-being. The goal of this study is to evaluate socioeconomic resilience and forest dependence in Washington counties in order to identify counties where changes in forest management could negatively affect the well-being of nearby residents, allowing land managers and decisionmakers to anticipate the effects of land management policies. Results indicate that Ferry, Pend Oreille, Pacific, Skamania, Stevens, and Wahkiakum Counties all have socioeconomic systems that could be particularly vulnerable to forest management changes. The same analyses were performed for the Washington Department of Natural Resources (DNR) by using only counties on the west side of the Cascade Range. Results show that two counties, Wahkiakum and Pacific, may experience disproportionate negative impacts from changes in DNR state forest management. These findings are preliminary in nature; findings should be reassessed using community-level data to determine the optimum geographic scale necessary for detailed evaluation of policy effects.
Introduction
There are several definitions that are key in understanding how to evaluate the propensity of communities to adapt to changing economic conditions. These include community viability and adaptability, forest dependency, and areas of concern. Background information describing the operations of the DNR is also important to gain perspective on how its forest management policies can affect forested areas.
Although community viability and adaptability are not defined in the Montreal Process, their inclusion reflects an expansion of traditional thinking about the connection between communities and the forest resources that surround them. Early notions of community stability refer to jobs and income generated through the harvest and processing of timber from public or private forest lands by residents of communities dependent on income from such activities (Society of American Foresters 1989). However, such notions often treat forest industry employment (both direct and indirect) as the sole determinant of community well-being in forested areas. This approach to community stability ignores the social component of a community (McCool et al. 1997) . Communities are made up of individual residents who base their decision to relocate into, remain in, or leave the community on a variety of factors that may or may not include forest sector employment opportunities. Also, community stability oversimplifies the relationship between residents and surrounding forest resources because it does not account for nontimber goods and services that residents obtain from the forest. In other words, communities located in forested areas represent complex dynamic economic and social systems that are ignored by the simple "timber and jobs" perspective of community stability.
The state of Washington continues to apply economic measures to assess community well-being. Washington's Employment Security Department (ESD) determines "distressed areas" by using each county's 3-year average unemployment rate. If the average unemployment rate is 120 percent or more of the statewide unemployment rate, the county is considered distressed and placed on the distressed area list (Washington ESD 2003 Although the state of Washington has devised a simple, universally understandable method to gauge economic well-being, it relies exclusively on one variable, unemployment. When community well-being is exclusively considered a function of the wage income of residents, complex interactions between social and economic systems are not addressed. Combining measures of economic well-being with social variables presents a more comprehensive representation of community life. In addition, unemployment itself is not always a consideration when residents decide to leave or remain in a community. Lifestyle choices and traditions are other important determinants of where individuals choose to live.
Expanding beyond traditional employment indicators means incorporating other important aspects of community life, including social variables, into the analysis. The notion of community viability and adaptability broadens employment-based approaches to encompass all factors that contribute to community well-being.
One factor influencing community well-being is the ability of communities to adapt to change. Shocks to social or economic systems occur regularly within communities; indeed, change is an inevitable part of the human condition. So then, why are some communities better equipped to adapt to change than others? Why does an economic downturn spell disaster in some communities whereas others are able to shake off negative impacts with relative ease?
The term "socioeconomic resiliency" is one of many that social scientists have used to describe community health. It reflects the ability of people to manage individual and community transitions with reasonable comfort and confidence in the face of the forces of change. In other words, socioeconomic resilience is the ability of a community to adapt to change. Haynes et al. (1996) initiated discussions linking natural resource policy and community resilience. Researchers have identified several characteristics that likely are all valid determinants of community resilience. These include community character, cohesiveness, services and infrastructure, cultural diversity, economic diversity, resource dependence, attractiveness to business, quality of life, and civic leadership (McCool et al. 1997 ).
Because techniques to directly measure socioeconomic resiliency do not exist, measuring the socioeconomic resiliency of a community requires the use of social and economic indices. These indices serve as proxies, which are frequently used in economics to estimate the value of a good that has no market in which to establish a price. A model of socioeconomic resiliency requires a method to use social and economic indices to discern the link between a community's social and economic systems and its ability to adapt to change. Horne and Haynes (1999) formulated such a model in an attempt to use indices to assess conditions contributing to socioeconomic resilience of counties in the interior Columbia River basin.
For the purposes of this study, it is assumed that socioeconomic resiliency is directly related to diversity in social and economic systems. In other words, a community with higher social and economic diversity is less affected by change than a community with lower diversity, making the first community more resilient. A community having a highly resilient socioeconomic system is able to adapt to and recover from negative impacts quickly. Residents of areas demonstrating high resiliency have a wide variety of skills and access to a variety of employment opportunities. Should specific firms or industries experience downturns, unemployment rates may rise, but only until displaced workers find other employment. On the other hand, socioeconomic systems having low resiliency may experience longer term negative impacts, such as persistent unemployment or even outmigration. Thus, resilience is directly related to diversity, a relationship that is widely documented in the ecological sciences (Moffat 1996) .
Indicator 46 of the Montreal Process combines community viability and adaptability with a second concept, forest dependency. Like community viability and adaptability, forest dependency is not defined in the Montreal Process; it stems from an expansion of the concept of timber dependency. Traditionally, timber dependence was a criterion used to identify communities with significant economic dependence on timber harvesting and processing. In fact, provisions in the National Forest Management Act (1976) directed the U.S. Forest Service to publish a list of communities deemed dependent on national forest timber since 1977, although the Forest Service has not produced a list since 1987.
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Economic benefits from forest land are not limited to timber commodity production. Forest dependence reflects the growing acknowledgment that there is more to the relationship between forests and communities than commodity wood production and forest sector employment. Measures of timber dependency fail to recognize that noncommodity economic opportunities arising from forests, such as tourism and recreation, nontimber forest products, and other nontraditional forest uses also provide income and jobs to residents. In many areas, nontimber uses generate more
Forest Dependency
1 The Federal Register (42[106] ); 28258. Thursday, June 2, 1977) defines communities dependent on national forest timber as "…areas with common social and economic interests bounded by established daily marketing and work force commuting patterns, and encompassing one or more primary wood products manufacturing facilities located within or adjacent to a specific area of National Forest upon which it is dependent for its timber supply and where 10 percent or more of the community work force is employed in the primary manufacture of wood products, including logging and log transportation, and National Forest timber accounts for at least 30 percent of the timber used in the primary wood products manufacturing facilities in the last 5 calendar years." income for residents than does timber production. In addition, forests contribute to higher quality of life, making communities more attractive to potential new residents and businesses and for retirement settlement areas. Last, most communities possess a mix of industries, of which wood products manufacturing is only one component. To assert that the well-being of a community can be judged entirely by its production of timber ignores the direct and indirect economic impacts made by other local industries. Thus, while jobs and income stemming from timber production do provide important economic opportunities to some forested communities, valuing the forest exclusively in terms of timber production undervalues the forest to residents and oversimplifies its value to society.
For the purposes of this study, forest dependency is defined as a function of forest land, rather than timberland area. Forested landscapes classified as forest land are at least 10 percent stocked with forest trees of any size; timberland is forest land capable of producing industrial timber and not withdrawn from timber use by statute or regulation. All timberland is forest land, but not all forest land is timberland. Communities located in heavily forested areas receive a higher forest dependency rating than communities located outside of forested areas or in less densely stocked forests. Logically, more forest area implies more opportunity for residents to reap benefits from forest resources.
One way to single out areas with economic systems that are especially sensitive to changes in forest management strategies is to combine socioeconomic resilience with forest dependence. For example, an area designated as having "high" socioeconomic resilience and "low" forest dependence would not be expected to experience difficulty with changing forest land management policies. On the other hand, areas with "low" socioeconomic resilience and "high" forest dependence could experience negative economic impacts from changes in forest management, because of both inability to adapt to change and dependence on forest resources.
By combining areas that may experience difficulty adapting to change with areas identified as forest dependent, a list of "communities of concern" can be compiled (Donoghue and Haynes 2002) . However, for the purposes of this study, analyses were performed at the county, not community, level, owing to limitations associated with release of Census 2000 demographic data. Therefore, rather than "communities of concern," this study identifies "counties of concern" where low socioeconomic resilience coincides with high forest dependence (Haynes 2003, Horne and Haynes 1999) . The intent is to identify for stakeholders in land management agencies those counties that might require mitigation, development assistance, or further understanding of the impacts of decisions before they are implemented as policies, in an attempt to prevent unforeseen negative impacts on county residents. Aggregating the data to the county level may sacrifice spatial detail evident at the community level. Readers are cautioned not to extrapolate results to make inferences at the community level.
Areas of Concern
Federal, state, and local land management agencies own and control vast areas of public forest land across Washington (table 1). Forest management policies favoring reduced harvest from public forests have been a fact of life in the Pacific Northwest since the early 1990s. As a result, revenues generated from timber harvests have declined substantially. Traditionally, a portion of these revenues was distributed back to counties and other public entities in some form, either in lieu of property and other taxes or as the result of fiduciary responsibilities to various public trust beneficiaries. Declining revenues from timber harvesting have raised concerns that evolving timber management policies negatively affect counties containing a significant amount of public forest land. Appendix 1 displays forest land acreage by ownership.
Presumably, managers of public agencies are interested in identifying counties that may experience disproportionate negative impacts from changing public timber management policies. The DNR is one such agency. Specifically, the DNR has expressed an interest in identifying counties that may experience difficulty adapting to changing harvest levels on state forest lands.
The DNR was established in 1957 to serve as land manager for a variety of lands owned by the state of Washington, including forest lands. The DNR manages approximately 2.1 million acres of state forest land for two main purposes. First, the DNR has a fiduciary responsibility to create revenue as manager of public lands. Revenues generated from DNR operations provide income to public schools and universities, a variety of state institutions, and many counties, in addition to contributions to the state general fund. Second, with the signing of a Habitat Conservation Plan with the U.S. Fish and Wildlife Service and the National Marine Fisheries Service in 1997, the DNR is responsible for maintaining habitat to protect native fish and wildlife species and other sensitive resources on lands under its jurisdiction. In addition, state law (RCW 79.68.050) directs the DNR to provide recreation opportunities (including camping facilities and hiking and biking trails), hunting and fishing, and other multipleuse benefits for all Washington residents.
Washington state forest land management is conducted within the framework of policy direction approved by the Board of Natural Resources, one of which is the DNR's 1992 Forest Resource Plan (FRP). The FRP was developed as a management plan for 2.1 million acres of state forest land over the 10-year period from 1992 to 2002 (Washington DNR 1992) . This 10-year period was extended until June 2005 to allow for the completion of sustainable harvest calculations for western and eastern Washington. The DNR is directed by state law (RCW 79.68.040) to apply sustained yield management strategies on state forest lands. As part of this directive, the DNR is required to periodically adjust acreages designated for inclusion in the sustained yield management program and recalculate a 10-year sustainable timber harvest level. The sustainable harvest level is the volume of timber offered for sale from state-owned forest land during a planning decade.
As directed by law, the DNR is recalculating a new sustainable harvest level for state forest land in 2003. By establishing a new sustainable timber harvest level, the DNR not only is fulfilling its legislative mandate, but also is provided the opportunity to make changes to the 1992 Forest Resource Plan. By revising the FRP, the DNR can update its management strategies to better meet the goals of its Habitat Conservation Plan. In addition, the FRP can more fully address the impacts of DNR timber harvesting operations on water quality, salmon habitat, and other aquatic and riparian resources. Changing the FRP requires the preparation of an environmental impact statement (EIS) presenting a range of alternatives that must all meet DNR management objectives.
One question not addressed by the EIS is whether changing DNR harvesting operations will have a negative impact on communities located near state forest lands. The DNR conducts financial analyses by using projections of timber revenues to estimate cash flows to its beneficiaries. However, such analyses cannot fully capture the direct and indirect effects felt by social and economic systems in these areas-the links are too complex. Examination of socioeconomic resiliency in these forest-dependent areas provides the DNR with an idea of where disproportionate effects may occur from evolving forest land management strategies. For the purposes of this study, Washington counties that may be especially vulnerable to changes in DNR land management policies are called "DNR counties of concern." One way the DNR currently acknowledges the relationship between communities and forest resources is through measures of regional mill dependency published in Washington Mill Survey 2000 (Larsen et al., n.d.) . Washington counties are combined into five economic areas: Puget Sound, Olympic Peninsula, Lower Columbia, Central Washington, and Inland Empire ( fig. 2 ). Wood processing facilities located within each economic area report the percentage of total raw materials obtained from each category of forest land owner. Forest land ownership is subdivided into national forest, state, Bureau of Land Management, other public, forest industry, Native American, and farmer and miscellaneous private ownerships. For each mill, raw material source dependency is measured by using four groupings: no dependency, 1 to 33 percent dependency, 34 to 66 percent dependency, and 67 to 100 percent dependency.
Regions containing a relatively large number of mills highly dependent upon any single forest land owner for timber supply are considered "dependent" on that source. DNR timber dependence arises when several mills within a region are highly dependent on state forests for raw material supply. Table 2 contains mill dependency measures for state-owned timber only. Note that one mill in the Puget Sound Economic Area and four mills in the Olympic Peninsula Economic Area are between 67 and 100 percent dependent on state lands for raw materials. Ideally, counties identified as highly reliant on DNR forest resources by this study are located within the two economic regions where mills display high dependency on state timber, making the two measures compatible.
Assessing socioeconomic resiliency, forest and timber dependency, and reliance on DNR timber of Washington counties is a four-step process. First, each county is assigned a socioeconomic resiliency rating by combining indices to represent lifestyle diversity, economic resiliency, and population density. Second, forest dependence is determined by rating all Washington counties based on proportion of forest land per county. Next, statewide counties of concern are identified, as these are potentially sensitive to changes in regional forest management policies. Last, focus shifts to west-side counties to rate their reliance on DNR forest resources. The DNR reliance ratings for each west-side county are calculated by combining ratings for the proportion of forest land in DNR ownership with socioeconomic resiliency ratings revised to include only west-side counties. The result is a list of west-side "DNR counties of concern" that may experience difficulty adapting to changes in DNR forest management policies. Socioeconomic resiliency in Washington counties was assessed by using methods described in Horne and Haynes 1999. Horne and Haynes developed an operational definition of socioeconomic resilience at the county level by using an index composed of three factors: social and cultural diversity, economic diversity, and civic infrastructure. This study also uses these three factors, but social and cultural diversity and economic diversity are measured differently. Social and cultural diversity are represented by the diversity of lifestyles in each county. Economic diversity is measured by using an index of regional specialization. Civic infrastructure is estimated by using population density as a proxy measure.
Methods
Lifestyle diversity-The first component of socioeconomic resiliency is lifestyle diversity. Counties exhibiting greater diversity of lifestyles are assumed to be more resilient to change than those with less diversity of lifestyles. Because lifestyle diversity is not something that can be directly measured, proxy measures were developed by using demographic data from Census 2000 Gateway (USDC Bureau of the Census 2002). Demographic factors for mobility, ethnicity, degree of urbanness, race, income, and education in each Washington county were used as proxies in model construction.
Mobility measures the proportion of people who changed their residence between 1995 and 2000 versus those who did not. Ethnicity measures were obtained from census categories of native and born in state of residence, native and born in another state in the United States, native and born outside the United States, and foreign born. Degree of urban and rural was categorized as urban and inside urbanized areas, urban and inside urban clusters, rural farm, and rural nonfarm. Race included the proportion of census respondents identifying themselves as White, African American, Asian, Hispanic, American Indian, Pacific Islanders, and other. Income measured the proportion of people in each of 16 sequential income categories by county. Lastly, education measured educational attainment for the proportion of people over age 25 who had not finished high school, obtained a high school diploma, had a diploma and some college, received an associate's degree, received a bachelor's degree, and received a graduate degree.
Diversity measures for these six indicators were obtained by using the ShannonWeiner diversity index. This index is commonly used in the biological sciences to calculate, for example, habitat diversity.
where D = diversity measure, ranging from 0 to 1, s = total number of subcategories for each of the six indicator variables, and p = proportion of people in each subcategory for each variable. These county employment figures were then benchmarked against the state of Washington as a whole by using the coefficient of regional specialization index:
where E ij = employment in county i in industry j, E i = total employment in county i, E j = total employment in industry j in all counties, and E = total employment in all industries across all counties.
This index is commonly used in geography to determine if a region (county here) is more or less specialized than a benchmark (Washington state here). Values close to zero indicate the county has about the same proportion of people employed in each industry as the state, whereas values around 1 indicate that employment is more specialized in the county than in the state. The assumption used for this analysis is that counties that are highly specialized have employment concentrated among relatively few industries, making those counties more vulnerable if negative impacts occur. In other words, a relatively high value for the coefficient of regional specialization is interpreted to mean the county is less economically diverse and therefore less able to adapt to change. Although using community, rather than county, data might yield more detailed results, disclosure issues are formidable at the community level as some individual businesses can be easily identified.
A coefficient of regional specialization was computed for each of the 39 Washington counties. These values were then sorted from lowest to highest, divided into four groups based on 25 th , 50 th , and 75 th statistical quartiles, and rated from 1 to 4 with low specialization corresponding with high economic diversity.
Population density-The third measure, population density, was used as a proxy for civic infrastructure. Greater population density is assumed to lead to a more developed county infrastructure and so increases socioeconomic resiliency. The number of people per square mile of county area determines population density for each county. Population for 2000 by county was obtained from QuickFacts on Census 2000
Gateway (USDC Bureau of the Census 2002). The number of square miles in each county was downloaded from the Washington state data page Web site (Washington ESD 2001) . By using a method similar to that of Horne and Haynes (1999) , each of the 39 counties was given a population density rating from 0 to 4.
Population density of county
Socioeconomic resiliency-Each county received an overall socioeconomic resiliency rating corresponding to an unweighted average of its ranks for lifestyle diversity, economic resiliency, and population density. These values were then sorted from highest to lowest value and divided into thirds. Counties in the top third had the highest socioeconomic resilience and so were given a rating of "high." Counties in the middle third were given a "medium," and counties in the last third were given a "low" socioeconomic resiliency rating. Although there are alternative ways to rate the counties, of the methods considered, dividing them into three equal parts resulted in the best agreement between the list of counties having a socioeconomic resilience rating of "low" and those appearing on the 2003 distressed county list published by the state of Washington.
Identifying the Washington counties with low socioeconomic resiliency is the first step in determining counties whose economies might be strongly impacted by changing forest management policies. The next part of the analysis identifies forest dependence in Washington counties.
The proportion of forest land in each county serves as a proxy for forest dependency; it represents dependence of local residents on forest resources. Total acres and acres of forest land for each Washington county were obtained from the USDA Forest Service's Forest Inventory and Analysis (FIA) database. These data were used to compile a list of the proportion of forest land in each county. This list was then sorted from highest to lowest value and divided into three equal parts. The top third were assigned a forest dependency rating of "high," the second third received a "medium" rating, and the lowest third received a "low" rating.
Counties of concern are those where low socioeconomic resiliency and high forest resource dependence increase the likelihood that changing forest management policies may disproportionately impact the well-being of residents. Counties having both a "low" socioeconomic rating and a "high" forest dependency rating were classified as counties of concern.
The DNR counties of concern were determined by combining socioeconomic resiliency ratings with measures of DNR reliance for only west-side counties. As the scale of analysis changed from the entire state to the west-side region, socioeconomic resiliency ratings were reassessed by using a regional instead of a statewide benchmark. Thus, although relative socioeconomic resiliency values remain the same, the dividing line for thirds, and thus some socioeconomic resiliency ratings (i.e., "high," "medium," or "low") changed.
Forest Dependence
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The relative proportion of total forest land in DNR ownership serves as a proxy for reliance on DNR timber. Figures for DNR forest land ownership by county provided by the DNR and total acres of forest land per county obtained from the FIA database were used to calculate the proportion of DNR ownership of total forest land in each west-side county. These proportions were then sorted in descending order. The third of the counties with the highest proportions were rated with "high" DNR reliance. This process was repeated for the second third ("medium" reliance) and the last third ("low" reliance) of the counties.
The resulting list of DNR reliance is compared against the revised list of socioeconomic resiliency ratings. Counties identified as having "high" DNR reliance and "low" socioeconomic resiliency are designated as "DNR counties of concern," where disproportionate negative impacts may arise from evolving DNR forest management strategies. We would expect to find these counties within the Puget Sound or Olympic Peninsula Economic Areas, where, according to the Washington Mill Survey 2000 (Larsen et al., n.d.) , five mills are between 67 and 100 percent dependent on state timber.
Appendix 2 contains actual Shannon-Wiener lifestyle diversity index values for all 39
Washington counties for 6 demographic factors: mobility, ethnicity, urbanization, race, income, and education. Lifestyle diversity ratings for each of these six factors and a composite lifestyle diversity rating for each county are presented in table 3. Composite lifestyle diversity ratings are redisplayed in descending order for emphasis in table 4 and arrayed graphically in figure 3. The mean rating was 2.47 with standard deviation of 0.86. According to the Shannon-Wiener diversity index, Franklin County, with an overall rating of 4.00, has the greatest diversity of lifestyles in Washington.
Closely following are Chelan and Grant Counties (3.83), Yakima County (3.67), and Skagit and Whatcom Counties (3.50).
These results may seem counterintuitive, as King and Pierce Counties do not top the list. Table 3 shows that both King and Pierce Counties receive a rating of 1 for urbanrural, because residents of both counties are heavily concentrated in urban areas. Remember, the composite lifestyle diversity rating reflects the distribution of lifestyles present in each county.
On the other hand, Pend Oreille and Wahkiakum Counties have overall lifestyle diversity ratings of 1.00, indicating that these counties have the least diversity of lifestyles in the state. A tied rating of 1.33 for Asotin, Garfield, Lincoln, Skamania, and Stevens Counties places these counties as second to lowest. Grays Harbor and Ferry Counties, with ratings of 1.50, tied for third lowest diversity rating. Again, counties having a low rating should be interpreted as having high concentrations of people in fewer demographic groups, rather than a population that is evenly distributed across demographic groups. Economic diversity values and ratings using the coefficient of regional specialization index are presented for each Washington county in table 5. The average economic diversity index value was 0.709 with standard deviation of 0.266. To reiterate, counties having low coefficients of regional specialization are interpreted as having high economic resiliency because the distribution of employment across industries is similar to the state as a whole. In other words, jobs are widely distributed across a multitude of industries. A relatively high value for the coefficient of regional specialization means that jobs are highly concentrated into a few industries, implying a less diverse economy.
Results
Lifestyle Diversity
According to this index, Spokane County, with a coefficient of 0.268, has the highest economic resiliency of all Washington counties. Following closely is Whatcom County on the Canadian border with a rating of 0.269. King and Pierce Counties have the third and fourth highest economic resiliency ratings with 0.279 and 0.293, respectively. Not surprisingly, these counties tend to be highly urbanized and to possess large transportation networks.
At the opposite end of the spectrum, Columbia has the greatest coefficient of regional specialization at 1.287, making it the Washington county with the least diverse economy. Employment in Columbia County is heavily concentrated in highly Economic Diversity The geographic distribution of these ratings is displayed in figure 4 .
Population density values and population density ratings for each Washington county are provided in table 6. The mean population density is 95 persons per square mile with standard deviation of 152. As expected, King County is the most densely populated county with 817 persons per square mile. Because of the wide disparity between King County and the next most densely populated county (Kitsap with 586 persons per square mile), King County is the only county selected for a 4 population density rating. At the opposite end of the spectrum, counties containing 10 or fewer persons per square mile were assigned a rating of 0. Recall that population density is used here as a proxy measure for civic infrastructure. Intuitively, the relative isolation of these counties results in a lower propensity to establish elements of civic infrastructure. A map of county population density ratings is provided in figure 5 . For each Washington county, socioeconomic resilience values are calculated by using an unweighted average of lifestyle diversity, economic diversity, and population density ratings (table 7) . The average socioeconomic resiliency value is 2.16 with standard deviation of 0.90. King County is the most resilient county in the state with an overall socioeconomic resilience value of 3.78. Next, Pierce and Thurston Counties tied for second highest with 3.39. Kitsap County, with a rank of 3.33, was the third most resilient county in the state. All counties in the top third of overall socioeconomic resilience ranks were assigned a rating of "high." These counties are the most able to adapt to changes in their social and economic systems.
Population Density
Counties containing the lowest third of socioeconomic resiliency ranks were assigned a rating of "low." These are counties that may experience difficulty adapting after changes in social or economic systems. According to this analysis, Pend Oreille County, with a rating of 0.67, is the least resilient county in the state. Garfield, Lincoln, and Skamania Counties tie for next lowest with ratings of 0.78. Ferry County's resilience value of 0.83 is the third lowest in the state. The map in figure 6 displays socioeconomic resiliency ratings for all Washington counties.
Comparing socioeconomic resilience with areas designated by the state of Washington as distressed yields interesting results ( fig. 7) . Of the 14 counties with a "high" resilience rating, 3 appear on the 2003 distressed area list. Seven of thirteen counties with "medium" resilience are designated as distressed counties. Nine of the twelve counties receiving "low" socioeconomic resilience ratings were also identified as distressed. Three counties assigned low socioeconomic resilience ratings do not appear on the state's list. The proportion of forest land per county sorted from highest to lowest values is presented in table 8. Washington state contains an average of 51 percent forest land. Counties with the highest proportion of forest land were Skamania, Grays Harbor, and Pacific, with 89.9 percent, 88.9 percent, and 88.8 percent, respectively. These counties are considered highly dependent on forest resources. At the other extreme, Adams, Benton, Franklin, and Grant Counties have no forest land, implying no dependence on forest resources.
Socioeconomic Resiliency
Counties having 74 percent or more forest land were assigned a forest dependency rating of "high." Those containing between 39 and 73 percent forest land were classified with a "medium" forest dependency rating. All counties containing 38 percent or less forest land were given a dependency rating of "low." Observe that all counties in the "low" class are located on the east side of the state ( fig. 8 ). Table 9 combines socioeconomic resiliency ratings with forest dependence ratings for each Washington county. Ferry, Pacific, Pend Oreille, Skamania, Stevens, and Wahkiakum Counties all exhibit "low" socioeconomic resilience and "high" forest dependence and therefore are designated counties of concern. Ferry, Stevens, and Pend Oreille Counties are all located in the far northeast part of the state. Pacific and Wahkiakum Counties are situated along the west coast; Skamania County lies on the Oregon border ( fig. 9) .
A base map of Washington west-side counties is provided in figure 10 . Table 10 displays results after revision of the socioeconomic resilience ratings to include only west-side counties. More than one-third of the counties have a "high" rating owing to the three-way tie between Skagit, Snohomish, and Whatcom Counties. All counties having a socioeconomic resiliency rating greater than 3.00 are considered highly resilient. Counties rated as "medium" have a socioeconomic resilience value between 2.00 and 3.00. "Low" ratings are assigned to counties with a socioeconomic resilience value less than 2.00 ( fig. 11 ).
The DNR reliance measures in west-side counties are displayed in Analysis of regional DNR reliance is based on the same assumption as statewide forest dependence; counties with the greatest proportion of DNR forest land ownership are considered the most reliant on DNR forest resources. Therefore, counties containing greater than 14 percent DNR ownership of forest land are assigned a "high" DNR reliance rating. Counties where the DNR owns between 7.5 percent and 14 percent of total forest land are rated with "medium" DNR reliance. Last, counties with less than 7.5 percent of forest land in DNR ownership have "low" DNR reliance. These counties are unlikely to be affected by changes in DNR forest management policies. A map of DNR reliance ratings in west-side counties appears in figure 12.
Of the seven counties identified as having "high" DNR reliance, one (Skagit County) is located in the Puget Sound Economic Area and four (Clallam, Jefferson, Pacific, and Thurston Counties) are in the Olympic Peninsula Economic Area. These findings are consistent with measures of mill timber supply dependency in the DNR mill survey. On the other hand, the two remaining counties (Wahkiakum and Clark) are positioned within the Lower Columbia Economic Area, which does not contain mills identified as highly dependent on state timber. Table 12 and figure 13 delineate DNR counties of concern by combining DNR reliance ratings with revised west-side socioeconomic resilience ratings. The DNR counties of concern are those western Washington counties with both a low socioeconomic resiliency rating and a high DNR reliance rating. Only two counties meet these criteria, Wahkiakum County and Pacific County. These are the two western Washington counties that may experience difficulty adapting to changes in DNR forest management strategies.
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Figure 12-Department of Natural Resources reliance ratings, west-side counties. Washington counties receiving high socioeconomic resiliency ratings generally were close to urban areas. Seattle, Tacoma, Olympia, Spokane, and the Tri-Cities are all located in counties displaying a high degree of resiliency. In addition, highly developed transportation networks, including proximity to Interstate 5 and Interstate 90 and coastal ports, characterize highly resilient counties. Last, highly resilient counties contain a diversified industry mix with employment opportunities available in both services and manufacturing sectors.
On the other hand, the Olympic Peninsula and the far southeast and far northeast parts of the state have particularly low resilience. Remoteness, isolation, and poorly developed transportation networks are all factors contributing to low ratings, a result consistent with findings in Donoghue and Haynes (2002) . In addition, the economies of these counties primarily center on manufacturing, timber and agricultural production, and natural resource extraction with relatively fewer jobs in the service sector than observed in highly resilient areas.
Forest-dependent counties may be vulnerable to changes in overall forest management. Since forest dependence incorporates nontimber values of forests, including tourism and recreation, these counties will be affected by a greater variety of land management decisions. As expected, forest dependence is greatest in areas containing the most forest cover. Consequently, west-side counties and the Tri-Counties region composed of Ferry, Stevens, and Pend Oreille Counties in the northeast corner of the state have the greatest forest dependency. On the west side, counties with greater proportions of residents living in urban areas are less forest dependent than those with significant rural populations. This observation can be interpreted in two ways; either it illustrates the industrial shift from manufacturing to services in urban economies or it reflects land use changes following the expansion of urban and suburban boundaries into areas formerly devoted to timber production. All counties with low forest dependence are located in eastern Washington, where no significant forest resource exists.
Of the 39 counties in Washington, only 6 were identified as "counties of concern," which, for this study, is defined as low socioeconomic resilience combined with high forest dependence. Ferry, Pacific, Pend Oreille, Skamania, Stevens, and Wahkiakum Counties have several traits in common. The primary employer of residents in all of these counties has traditionally been the forest products industry. As a result of reduced volumes in timber harvesting, each is transitioning from an economy based on manufacturing of lumber and wood products to one dominated by trade and services. Each is relatively isolated and rural. All but Wahkiakum County appear on the 2003 state of Washington distressed county list. However, all six counties were listed as distressed in 2002.
Because of the relatively large proportion of DNR ownership of forest land, DNR reliance is high in Wahkiakum, Clark, Thurston, Jefferson, Clallam, Skagit, and Pacific Counties. Combining DNR reliance with low socioeconomic resiliency determines "DNR counties of concern." Only Wahkiakum County and Pacific County fit this category. These two counties should be examined carefully when evaluating changes in DNR land management policies.
Discussion
This assessment is an attempt to identify forest-dependent Washington counties that, for a variety of reasons, may experience difficulty adapting to changing forest management policies. Results demonstrate that combining social and economic indicators is a promising method for identifying such areas. Economic and social systems present in each county respond differently when faced with significant challenges. Taking a more comprehensive approach to evaluating well-being recognizes the inherent differences and individual challenges faced by county residents. Although change is a fact of life, land managers and the public should consider the differential effects among Washington counties to fully anticipate impacts during the transition to sustainable forest resource management on public lands.
Measures of socioeconomic systems are influenced by the size of the area measured and by time. Identifying the appropriate spatial and temporal scales for analysis requires further investigation. Readers are cautioned that potential limitations exist when analyses are performed at the county, rather than community, scale. This includes an "averaging over" effect that can mask severe distress in one community when it is offset by prosperity in another. In addition, a duplication of this study using 1990 data would provide insight into how county social and economic conditions have changed over time, a valuable aspect of monitoring consequences of public policies.
Many thanks to the Washington Department of Natural Resources for the opportunity to work on this project and for providing data, comments, and advice. Also, thanks to Richard Haynes and John Perez-Garcia for assistance and guidance and Phil Hurvitz for preparing the maps.
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